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 I. Introduction  

The main objective of this project is to design, develop, and evaluate speech processors for implantable auditory 
prostheses. Ideally, such processors will represent the information content of speech in a way that can be perceived and 
utilized by implant patients. An additional objective is to record responses of the auditory nerve to a variety of 
electrical stimuli in studies with patients. Results from such recordings can provide important information on the 
physiological function of the nerve, on an electrode-by-electrode basis, and also can be used to evaluate the ability of 
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speech processing strategies to produce desired spatial and/or temporal patterns of neural activity.  

Work in this second quarter included:  

Studies with Clarion subject MI-4, from January 11 through January 15. The studies included measures of (a) 
scalp potentials produced with different commanded levels of stimulation to characterize the current sources in 
the Clarion device; (b) speech reception in quiet and in noise with this subject's SAS and CIS processing options; 
and (c) rate scaling for trains of unmodulated pulses delivered separately to several monopolar electrodes in the 
implant and separately to bipolar electrodes at corresponding positions in the electrode array.  
Studies with Ineraid subject SR16, from January 25 through January 29. The studies included (a) longitudinal 
measures of performance with this subject's portable CIS processor, (b) psychophysical scaling of pulse rate for 
unmodulated pulse trains, for each of the six electrodes in the Ineraid implant; (c) psychophysical scaling of 
modulation frequencies for SAM pulse trains, for one of the electrodes and various depths of modulation; (d) 
psychophysical scaling of electrodes, for unmodulated pulse trains (at either of two fixed rates) delivered to each 
of the electrodes; and (e) measures of forward masking across electrode positions, to assess the spatial profile of 
stimulation with each of the monopolar electrodes in SR16's implant. The scaling experiments extended greatly 
the range of conditions included in initial studies with this and other subjects, as reported in QPR 8 for the prior 
project in this series (NIH project N01-DC-5-2103).  
Studies with Clarion subject MI-5, March 8. The studies included initial baseline measures of performance with 
three variations of CIS processors, as implemented in the subject's clinical system. Additional visits are 
scheduled with this subject, to include all of measures collected before with subject MI-4 above. Subject MI-5 
lives in nearby Greensboro, NC, and is able to visit the laboratory in relatively frequent, one-day visits.  
Studies with subject NU-5, a recipient of bilateral CI24M implants, from March 29 through April 1. The studies 
included evaluation of various processing strategies designed to exploit bilateral implants. (Results from a prior 
visit by this subject are presented in QPR 1 for this project; those results indicate that this subject has 
exceptionally good sensitivity to timing differences in stimuli delivered to her two implants.)  
Ongoing studies with Ineraid subject SR2, for a morning each week in January and for two full days each week 
beginning in February. Studies during this quarter included (a) further scaling and forward masking experiments, 
as suggested by results from experiments with this subject in the prior quarter of the project; (b) continued 
evaluation of "conditioner pulses" processors; (c) measures of consonant identification for a large number of 4-
channel CIS processors using different combinations of the cutoff frequencies for the lowpass filters in the 
envelope detectors and the pulse rate for each of the electrodes; and (d) measures of consonant identification for 
4-channel CIS processors using a wide range of compression functions, replicating the conditions of a study 
recently described by Fu and Shannon ("Effects of amplitude nonlinearity on phoneme recognition by cochlear 
implant users and normal-hearing listeners," J. Acoust. Soc. Am. 104: 2570-2577, 1998).  
Development by Marian Zerbi of a new tool that allows real-time adjustment(s), by the subject and/or the 
investigator, of speech processor parameters. The tool has been applied initially in preliminary studies of 
"conditioner pulses" processors. The subject (SR2) adjusted the level of the conditioner pulses over a wide range, 
while listening to a book on tape. This allowed rapid identification of different perceptual regions across the 
range of manipulations, and also indicated the likely sensitivity to changes in the parameter value. Such 
"screening" of parametric spaces allows identification of "sweet spots" or "dead zones" that easily could be 
missed in traditional testing, usually with fixed step sizes within a selected range of parameter values. The 
screening also can save time by identifying ranges of values that do not seem to make any difference in 
perception. We plan to use the tool in further studies, involving different parameters with this and other subjects 
(e.g., real-time manipulations in number of channels, rate of stimulation, mapping functions, etc.). The tool can 
greatly improve the efficiency of subsequent formal testing, by identifying choices of parameter values that are 
likely to affect the outcome measure.  
Discussions with Thomas Lenarz, M.D., Ph.D., and Rolf Battmer, Ph.D., of the Medizinische Hochschule 
Hannover, during a visit to RTI by them on February 12.  
Presentation of project results at the annual midwinter meeting of the Association for Research in 
Otolaryngology, February 13-17.  
Participation by Zerbi in a course on C++ object programming, March 16-19.  
Continued analysis of psychophysical, speech reception, and evoked potential data from current and prior 
studies.  
Continued preparation of manuscripts for publication, including in this quarter completion of two chapters by 
Wilson for the book Cochlear Implants: Principles, Practice and Pitfalls, edited by John Niparko. 
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In this report we present an update of results from ongoing studies to measure performance over time following 
substitution of a CIS for a CA speech processor. Initial results from these studies have been presented in QPR 1 of our 
prior project (NIH N01-DC-5-2103). The initial results included speech reception measures for Ineraid subjects SR3 
and SR10. The present report includes subsequent measures for those subjects and measures to date for Ineraid subjects 
SR9, SR15 and SR16. Results from the various studies conducted in the present quarter, outlined above, will be 
presented in future reports.  

  

II. Measures of performance over time following substitution of CIS for CA speech processors  

In addition to our many studies comparing various processing strategies acutely in the laboratory, we have conducted 
some chronic studies of possible learning effects with long-term use of wearable processors. In this report we update 
results from such a study using the Med-El CIS-LINK hardware platform. In collaboration with Stefan Brill and other 
colleagues at the University of Innsbruck we have been able to employ a variety of different envelope smoothing filters 
in such processors, as well as a variety of different mapping law functions. We also, of course, have had access to all 
the parametric adjustments of the standard clinical fitting system.  

The four patients currently participating in chronic use studies with wearable processors from our laboratory are SR3 
fitted in April 1995, SR15 and SR16 fitted in June 1997, and SR9 fitted in August 1997. This group was selected to 
represent a wide range of initial performance with wearable CIS processors – from 20% correct sound alone on a 16 
consonant test to 75% on a 24 consonant test. All of these subjects had used their Ineraid compressed analog (CA) 
processors for years prior to our fitting them with continuous interleaved sampling (CIS) processors running on CIS-
LINK devices. Each had been exposed briefly to a variety of CIS processors during one or more previous visits to our 
laboratory, and has continued to participate in other acute studies during brief visits to our, and in some cases other, 
laboratories.  

Each subject was tested in our laboratory at the time of first fitting with a wearable CIS processor (and during 
subsequent visits), using consonant identification tests and a variety of open set tests of appropriate difficulty. At least 
ten presentations of each consonant token were included for each condition evaluated, and there was no feedback as to 
correct or incorrect responses. The laboratory consonant tests were identical to those we have employed for many 
years, using the Iowa videodisc recordings. Two subjects whose initial performance was sufficiently good were given a 
set of tape recorded 24 consonant identification tests to be self-administered at two-week intervals for 16 weeks. Each 
such prerecorded test was preceded by a recorded segment that guided the subject to an appropriate setting of the tape 
player’s output level (the subject was instructed to use the same speech processor settings as for a conversation in a 
quiet room). The battery-powered tape player had no tone control, and its output was directly connected to the portable 
processor’s auxiliary input using an impedance matching cable assembly. The speech processor’s microphone was 
disabled during the consonant tests. Answer sheets were mailed to our laboratory for analysis. These take-home tests, 
developed only to provide some guidance as to the timing of return visits, have agreed quite well with laboratory 
measurements and provide a finer grained assessment of early learning after changing from a CA to a CIS processor. 
The two subjects selected to participate in the take-home tests had professional backgrounds (registered nurse, Ph.D. 
mathematician) that made them excellent candidates for such self-administered testing.  

Our approach has been to try to provide each subject with the highest level of chronic performance possible at each 
point in the study. Accordingly, when acute comparisons in our laboratory have indicated that some alternative 
processor design might benefit a subject and such an alternative design could be realized on the CIS-LINK hardware, 
we have not hesitated to change the processor in chronic use. On such occasions, comparison testing with both 
processors was repeated upon the subject’s next visit to our laboratories. Table I summarizes parametric information 
about all the processor designs involved in these chronic use studies.  

Table I. Parameters for Chronic Processors.  
   

Subject 
Code 

Processor 
ID 

Day 
Use 

Nature of Change Number 
of 

Pulse 
Rate 

Pulse 
Duration 

Stimul. 
Order LPF   Channel 

Dyn. 
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* a two-channel "Breeuwer / Plomp" design; see text.  

Included in Table I are parameters for an additional subject, SR10. That subject had shown a succession of dramatic 
improvements in performance in a series of acute studies with CIS processors in our laboratories before being fitted 
with a CIS-LINK device in August 1994 by Michael Dorman at theUniversity of Utah. During SR10’s subsequent 
visits to our laboratories we have, from time to time, measured his performance with that device, using the same tests 
and methods as with the chronic use subjects who received their wearable devices from us.  

It will be convenient in this report to present our results in two parts. We first will discuss the data for those subjects 
whose level of performance allowed comparisons based on identification of 24 medial consonants. Then we will turn to 
subjects who were evaluated with similar tests involving only 16 consonants.  

Subjects with relatively high levels of performance.  

Consonant identification test data for subject SR3 are summarized in Figures 1 and 2, which show percent correct 
identification and percent overall information transmission, respectively, for consonant tokens uttered by male and 
female voices. Among the features of these data are (1) rapid and relatively smooth improvement in performance over 
the first few months of experience with the new processing strategy, as indicated by the take-home test results and 
confirmed by the laboratory tests at the beginning and end of that period; (2) evidence of continued improvement 
beyond the first year of experience; and (3) lack of any indication of further improvement in the third year. 

Began Channels (p/s) (µ s/phase) cutoffreq. 
(Hz) 

Range 
[min-max] 
(dB) 

SR3 7 0 6 1026 80 stag. 400 12-20 

8 200 lower thresholds, channels 1-4 " " " " " 15-24 

8a 823 lower LPF cutoff freq. " " " " 200 " 

8 1135 raise LPF cutoff " " " " 400 " 

SR9 7b 0 5 833 40 stag. 400 11-20 

9b1 218 add channel 6 " " " " 10-19 

7b 372 remove channel 5 " " " " 11-20 

SR10 1 0 6 1170 70 a-b 400 10-12 

98a 1512 rate, duration, stim order, LPF " 1626 40 stag. 200 7-12 

SR15 124 0 3 523 40 1,4,2 200 7-9 

1xBP 252 remove channel 2* 558 " alt. " " 

124c 531 lower thresholds and MCLs 3 523 " 1,4,2 " 7-10 

SR16 B 0 5 500 40 stag. 200 9-11 

E4 264 raise rate, LPF cutoff freq. " 2424 " " 400 11-15 

H4 589 raise most MCLs " " " " " 11-16 
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Figure 1. Consonant identification scores as a function of duration of experience with a chronic CIS processor. Subject SR3. Each percent 
correct score represents at least 10 presentations of each of 24 medial consonant tokens with a standard deviation of the mean of ±2%. The 
symbols distinguish data for male and female talkers.  

 

Figure 2. Percent overall information transmission scores for the consonant identification data of Figure 1  
   
   

Figure 3 shows monosyllabic word identification results over the same period of experience and exhibits essentially the 
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same features, while more strongly suggesting a decrease in performance during the third year. Both whole word and 
individual phoneme scores are included. The data at about 825 and about 1135 days of experience include comparisons 
of two processor variations (8 and 8a, with different cutoff frequencies for the low-pass smoothing filters; see Table I). 

The earlier change for this subject (from processor 7 to processor 8, at day 200) amounted only to the use of revised 
pulse amplitude values for threshold and most comfortable levels of stimulation in each channel, increasing the 
minimum channel dynamic range from 12 to 15 dB and the maximum channel dynamic range from 20 to 24 dB.  

 

Figure 3. Monosyllabic word identification as a function of duration of experience with a chronic CIS processor. Subject SR3, male talkers. 
Symbols distinguish among words correct and phonemes correct scores, and whether each 50 word list used is from NU6 or CNC recordings. 
   
   
Corresponding data for subject SR16 – but covering a period of only about 20 months -- are shown in Figures 4 
through 6. Again, the take-home tests indicate rapid progress over the first three to four months, especially for the 
female voice. For this subject, however, there is no evidence for further improvements in performance after the first 
year of experience. Processors B and E4 are both included in the consonant data at about 265 days, and processors E4 
and H4 were compared during the most recent visit at about 590 days, with the latter designs performing slightly better 
in each case. SR16 subsequently has requested a return to processor E4 for chronic use.  
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Figure 4. Consonant identification scores as a function of duration of experience with a chronic CIS processor, ±2%. Subject SR16.  

 

Figure 5. Percent overall information transmission scores for the consonant identification data of Figure 4.  
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Figure 6. Monosyllabic word identification as a function of duration of experience with a chronic CIS processor. Subject SR16, male talkers. 
Symbols distinguish among words correct and phonemes correct scores, and NU6 and CNC word lists.  
   
Figures 7 though 9 include similar data for subject SR10. As noted above, this subject’s initial fitting with a CIS-LINK 
chronic device was done and documented elsewhere. Our data indicate continued improvements in performance over 
his second, third, and perhaps even fourth years of experience. Processor 1a received the higher consonant scores 
during the most recent visit, but the monosyllabic word results shown for that visit were obtained with processor 1.  

 

Figure 7. Consonant identification scores as a function of duration of experience with a chronic CIS processor, ±2%. Subject SR10.
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Figure 8. Percent overall information transmission scores for the consonant identification data of Figure 7.  

 

Figure 9. Monosyllabic word identification as a function of duration of experience with a chronic CIS processor. Subject SR10, male talkers. 
Symbols distinguish among words correct and phonemes correct scores, and NU6 and CNC word lists.  

All three subjects discussed thus far – SR3, SR16, and SR10 – clearly enjoy excellent overall performance. Each of 
them showed significant improvements with experience using his or her chronic device. Improvement was quite rapid 
over the first three to four months in the two cases in which finer grained data are available from take-home consonant 
identification tests. In one case improvement with experience seems to have been completed in the first year, while in 

Page 9 of 17Second Quarterly Progress Report

9/26/2002http://npp.ninds.nih.gov/ProgressReports/SpeechProcessorsforAuditoryProstheses%20DC82105/qpr2/qpr2a...



the other two cases it extended into the second and third years, respectively.  

Subjects with relatively low levels of performance.  

We turn now to the two subjects whose processors have supported lower overall levels of performance, making it 
appropriate to evaluate progress with tests using only 16 medial consonants. Here the picture is quite different.  

Consonant identification data for subject SR9 are shown in Figures 10 and 11. Over one year of chronic experience 
with a CIS processor there has been no indication of improved performance.  

 

    

Figure 10. Consonant identification scores as a function of duration of experience with a chronic CIS processor. Subject SR9. Each percent 
correct score represents at least 10 presentations of each of 16 medial consonant tokens with a standard deviation of the mean of ±3-4%. The 
symbols distinguish data for male and female talkers.  
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Figure 11. Percent overall information transmission scores for the consonant identification data of Figure 10.  
   
While SR9’s level of performance was sufficient to allow use of monosyllabic word identification tests, there was no 
clear evidence of improved performance with chronic experience in those data either, as shown in Figure 12.  

 

Figure 12. Monosyllabic word identification data as a function of duration of experience with a chronic CIS processor. Subject SR9, male 
talkers. Symbols distinguish among word and phoneme correct scores for NU6 word lists.  

Addition of a 6th channel (substitution of processor 9b1 for processor 7b, compared in consonant tests at about 210 and 
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370 days) provided no long term advantage. Recent acute studies with this subject, however, to be reported in a later 
QPR, have indicated some potential for improvement with alternative processor designs outside the capabilities of the 
wearable device used in the present chronic study.  

As shown in Figures 13 and 14, consonant recognition scores for subject SR15 also have failed to demonstrate clear 
improvement in performance with chronic use experience. With identification scores for 16 medial consonant tokens 
near 20%, monosyllabic word identification tests remain inappropriate for this subject.  

 

Figure 13. Consonant identification scores as a function of duration of experience with a chronic CIS processor. Subject SR15. Each percent 
correct score represents at least 10 presentations of each of 16 medial consonant tokens with a standard deviation of the mean of ±3-4%. The 
symbols distinguish data for male and female talkers.  
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Figure 14. Percent overall information transmission scores for the consonant identification data of Figure 13.  
   
Extensive laboratory comparisons of a wide range of different processing strategies with this subject indicated that 
attempts to provide more information, whether temporally or spatially, often resulted in reduced rather than improved 
performance. At the same time, analysis of her consonant confusions suggested that her performance would benefit 
enormously from such basic information as a reliable voiced/unvoiced indication. Accordingly, we decided to give this 
subject long term experience with a processor designed to convey only a very limited amount of information, but 
information chosen in terms of maximum potential benefit. Initially, this approach resulted in slow (523 p/s) sparse (40 
us/phase pulses) stimulation by a three channel CIS processor using electrodes 1, 2, and 4.  

After about 250 days we substituted a two channel design based on the work of Breeuwer and Plomp ["Speechreading 
supplemented with frequency-selective sound-pressure information," J. Acoust. Soc. Am.76, 686-691 (1984).] We were 
able to obtain a reasonable approximation to the desired two non-contiguous frequency bands (364 – 707 Hz and 2235 
– 4470 Hz) by programming the CIS-LINK device as if for a three-channel processor, and specifying very small 
amplitudes for pulses to the (unused) middle channel associated with the (ignored) intervening band. The bands 
analyzed by this design (processor 1xBP) were 350 – 877 Hz and 2196 – 5500 Hz. After about 280 days experience 
with processor 1xBP, we compared it with processor 124c in consonant tests at about day 530 of the study. 
Transmission of voicing information was indeed better with the two-channel processor, but still quite modest (18% and 
19% for male and female talkers, respectively, vs. 7% and 9% with the three-channel design). While there was no 
change in the 40% overall information transmission for the male talker, there was some improvement for the female 
talker both in overall information transmission (40% vs. 34%) and percent correct identification (25% vs. 15% ±3%) 
using processor 1xBP.  

Table II contains all percent correct and information transmission scores for medial consonant identification tests with 
all processors and all subjects discussed in this report, along with all monosyllabic word scores. A fuller context for 
voiced/unvoiced attribute performance of SR15’s processors may be found there. As another example of additional 
insights available from detailed information transmission analysis, note the dramatic difference in duration attribute 
scores between male and female talkers for subject SR16.  

Summary  

The two subjects with the highest levels of performance in common (SR3 and SR16, with NU6 word scores in excess 
of 50%) also shared substantial improvements in performance with chronic use experience, including particularly rapid 
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improvement over their first few months with the new processing strategy.  

Performance by a third subject (SR10) came into the same range after extended experience. All three of these subjects 
showed substantial improvements over the first year, with two of them continuing to show significant improvements 
through the second year. Performance improvements for the third subject continued at least through the third year of 
experience.  

Neither of the two subjects with relatively poor levels of performance (SR 9 with NU6 word scores less than 10% and 
SR15 with still poorer performance) showed significant sustained improvement with chronic use of a wearable 
processor, though each showed substantial performance differences in laboratory acute studies with various processor 
designs.  

Table II. Detailed Results of Consonant and Word Identification Tests  

Data for all subjects and all processors presented in the Figures and/or discussed in the text. From left to right, the 
columns contain: (1) identification code for the research subject, (2) days of chronic experience with CIS processor at 
time of test, (3) processor identification code, (4) number of different consonants included in medial consonant 
identification tests (16 for some subjects, 24 for others, chosen on the basis of overall level of performance), (5 – 12) 
medial consonant identification data for a male talker using University of Iowa videodisc recordings, (5) percent 
correct consonant identification, (6) percent overall information transmission, (7) percent voicing information 
transmission, (8) percent envelope information transmission, (9) percent frication information transmission, (10) 
percent place of articulation information transmission, (11) percent duration information transmission, (12) percent 
frication information transmission, (13 – 20) medial consonant identification data for a female talker using University 
of Iowa videodisc recordings, (13) percent correct consonant identification, (14) percent overall information 
transmission, (15) percent voicing information transmission, (16) percent envelope information transmission, (17) 
percent frication information transmission, (18) percent place of articulation information transmission, (19) percent 
duration information transmission, (20) percent frication information transmission, (21 – 22) monosyllabic word 
identification data for a male talker using Cochlear Corporation audio tape recordings of NU #6 word lists, (21) percent 
word identification, (22) percent phoneme identification, (23 – 24) monosyllabic word identification data for a male 
talker using Cochlear Corporation audio tape recordings of CNC word lists, (23) percent word identification, (24) 
percent phoneme identification  

Subject Day Proc. Cons. M 
%c

M 
Ovl 

M 
Voi 

M 
Env

M 
Fri 

M 
Pla

M 
Dur

M 
Nas

F 
%c

F 
Ovl

F 
Voi 

F 
Env 

F 
Fri 

F 
Pla

F 
Dur

F 
Nas

NU6
w 

SR3 0 5 24 79 85 63 78 86 77 90 79 57 71 70 63 57 40 26 70 56 
0 5 24 81 86 76 81 94 76 90 54 66 78 84 79 66 54 30 75 

14 7 24 80 86 78 85 94 73 90 65 65 81 88 79 57 57 29 75 
26 7 24 79 86 87 86 94 76 82 59 61 79 74 76 55 53 32 77 
41 7 24 80 87 73 84 92 78 94 78 63 79 90 84 49 48 36 80 
55 77 24 84 91 80 87 100 88 100 68 67 79 78 81 56 55 27 77 
71 7 24 82 89 85 87 100 79 86 68 65 81 86 84 58 57 20 73 
83 7 24 82 89 79 86 100 81 94 70 67 83 87 84 61 59 36 77 
101 7 24 84 89 86 89 100 85 90 78 70 83 90 87 62 64 38 80 
109 7 24 85 91 79 87 100 89 100 62 71 83 85 86 59 66 36 62 66 
201 8 24 90 94 100 93 100 88 100 88 70 81 86 87 56 68 34 63 70 
263 8 24 87 91 87 89 100 87 94 82 71 82 80 82 54 69 45 59 79 
823 8 24 89 92 97 86 86 85 85 70 78 86 83 84 63 73 43 72 80 
826 8a 24 93 95 97 97 96 94 100 100 71 85 76 86 70 63 30 78 80 
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III. Plans for the next quarter  

901 8a 24 92 95 97 95 100 92 100 87 78 86 85 87 67 69 41 88 
1124 8a 24 89 92 85 90 94 90 100 83 72 84 90 90 57 61 39 72 64 
1135 8a 24 88 92 90 98 96 84 94 85 80 89 93 91 70 67 43 100 66 
1135 8 24 74 
1136 8 24 70 

SR9 0 7b 16 71 75 91 91 53 50 49 85 
1 7b 16 39 56 31 39 7 27 13 63 6 

208 7b 16 62 68 54 68 37 44 62 90 39 55 24 45 24 26 15 62 8 
218 9b1 16 59 70 84 91 45 39 23 100 42 54 57 57 20 16 16 54 
362 9b1 16 60 68 65 77 60 46 30 58 35 56 47 64 15 21 14 36 6 
372 7b 16 62 70 95 98 45 41 39 64 53 66 65 76 39 38 34 69 8 

SR10 466 1 24 70 81 68 76 88 48 55 100 65 76 56 73 64 35 23 93 42 
985 1 24 80 84 100 88 78 65 78 87 71 80 90 92 78 54 28 100

1512 1 24 80 85 96 92 74 63 87 100 71 83 100 93 79 54 31 100 56 
1512 98a 24 86 89 100 94 79 70 94 93 71 81 97 88 88 51 38 100

SR15 0 124 16 20 38 5 16 15 11 44 15 21 31 7 12 8 6 7 13 
248 124 16 20 48 5 20 7 6 49 9 16 33 2 15 2 5 5 10 
530 1xBP 16 23 39 18 24 12 9 57 17 25 40 19 25 9 9 9 16 
531 124c 16 21 40 7 26 18 11 49 13 15 34 9 11 5 7 10 9 

SR16 0 B 24 74 85 80 89 96 55 94 83 65 79 70 73 61 49 37 60 
1 B 24 58 

12 B 24 71 85 74 86 92 57 86 85 67 78 70 70 69 50 37 77 
26 B 24 84 90 78 91 100 80 94 93 66 79 57 73 60 54 36 68 
40 B 24 80 90 77 90 94 77 94 100 71 82 62 71 55 47 26 95 
54 B 24 83 89 81 88 94 71 100 79 70 81 75 80 68 51 32 88 
69 B 24 85 90 83 93 85 77 100 100 74 82 62 77 71 53 35 100
82 B 24 78 89 86 89 90 74 100 88 73 82 55 72 68 60 32 75 
96 B 24 82 89 88 93 94 69 100 95 75 83 60 75 81 61 46 88 
110 B 24 87 92 79 92 90 87 100 100 78 85 57 75 67 65 34 100
263 B 24 85 91 84 94 94 78 100 95 80 87 80 81 74 67 34 100 70 
264 E4 24 90 94 85 94 96 85 100 100
585 E4 24 85 89 80 89 100 76 100 87 78 86 76 82 72 64 41 92 66 
589 H4 24 88 92 87 94 93 84 94 100 78 86 78 82 70 63 38 93 48 

Table II. Detailed Results of Consonant and Word Identification Tests  
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Our plans for the next quarter include the following:  

Ongoing studies with subject SR2, who now is working with us for two days each week. We expect that studies 
for the next quarter will include  
Completion of the "rate/LPF" matrix of conditions started in the present quarter (see Introduction), including 
measures across the matrix for consonants in competition with speech-spectrum noise at the signal-to-noise ratios 
of +10 and +5 dB.  
Measures of consonant identification for 4-channel CIS processors using different resolutions of output mapping, 
to determine the minimum number of discrete output levels required for asymptotic performance (this study was 
inspired by recent results reported by Zeng and Galvin, "Amplitude mapping and phoneme recognition in 
cochlear implant listeners," Ear and Hearing 20: 60-74, 1999).  
Evaluation of single-channel processors using conditioner pulses, building on our prior series of tests with SR2 
of (a) single-channel processors without conditioner pulses and (b) multichannel processors with conditioner 
pulses.  
Evaluation of a multichannel "conditioner pulses" processor that presents the conditioner pulses to the round-
window electrode only. (Conditioner pulses presented to RW electrode 7 in the Ineraid implant may "blanket" 
the cochlea with widespread stimulation, allowing exclusive use of the intracochlear electrodes for presentation 
of speech-processor pulses. This in turn might reduce the overall level of electrode/channel interaction for the 
speech-processor pulses.)  
Evoked potential studies aimed at evaluation of various strategies to replicate noninstantaneous compression 
functions found in normal hearing.  
Continued studies with Clarion subject MI-5, as indicated in the Introduction for this report.  
Studies with additional Clarion subjects, along the lines of prior and ongoing studies with subjects MI-4 and MI-
5.  
Studies with one or more of the bilateral patients recently implanted at the University of Iowa. These studies will 
be like those conducted before with subject NU-5 (see Introduction). Several additional patients have been 
implanted since NU-5 and are available for studies at RTI.  
Participation by Finley in a workshop on laboratory control of the Clarion implant, sponsored by Advanced 
Bionics Corporation, Sylmar, CA, April 16 to 18.  
A visit by Oguz Poroy, of the University of Arkansas at Little Rock, for evaluation by Finley of a laboratory 
processor system developed by Oguz under the supervision of Philip Loizou, for future studies with implant 
patients at the University of Arkansas. The evaluation will include functional tests and tests for safety of 
stimulation (e.g., leakage tests). The visit is scheduled for May 5 through 7.  
Participation by Wilson in a Workshop on Cochlear Implants, to be held in Würzburg, Germany, June 30 through 
July 3. (Wilson was invited to be a guest of honor for the Workshop and will present several lectures during the 
Workshop.)  
Preparation for studies with patients implanted bilaterally at the University Hospital in Würzburg. This will 
include screening of prospective subjects during and immediately after the Würzburg Workshop. The screening 
will include patient interviews and measures of electrode ranking. If availability of subject time permits, 
sensitivities to interaural timing differences also will be measured. Dr. Joachim Müller has performed bilateral 
implants at the University Hospital in Würzburg for more than 25 patients to date. We plan to invite a subset of 
these patients to participate as subjects in further collaborative studies between Würzburg and RTI. We expect 
that up to ten subjects may be selected for evaluation of speech processor designs during two-week visits to RTI. 
Tutorials by Marian Zerbi, to transfer information on software and hardware developed by her to Lawson, Finley 
and Wilson, before she leaves as a on-site member of the team (she will leave at the end of May, see section IV 
below).  
Initial development by Jeannie Cox (see section IV below) of databases containing the conditions and results of 
psychophysical, speech reception, and evoked potential studies conducted in this and prior projects. Access to 
information should be greatly facilitated with the databases.  
Continued analysis of psychophysical, speech reception, and evoked potential data from current and prior 
studies.  
Continued preparation of manuscripts for publication.  

   

IV. Announcements  

Page 16 of 17Second Quarterly Progress Report

9/26/2002http://npp.ninds.nih.gov/ProgressReports/SpeechProcessorsforAuditoryProstheses%20DC82105/qpr2/qpr2a...



Several changes in staffing have occurred during this and the prior (first) quarter of this project. Chris van den Honert 
accepted a position with Cochlear Corporation in Denver last fall, and Marian Zerbi also will leave the team this May, 
as her husband has accepted a position with IBM in Fishkill, NY. Ms. Zerbi has agreed to serve as a consultant to the 
project after May. This should help assure continued development of real-time processing systems over the short term 
and a smooth transition in transferring her responsibilities and knowledge to her successor at RTI.  

A search is underway to replace Dr. van den Honert and Ms. Zerbi. Identification of suitable replacements is not likely 
to be easy, as Dr. van den Honert and Ms. Zerbi are outstanding people and each has made quite important and 
substantial contributions to our efforts. Dr. van den Honert was a member of the team for three years and Ms. Zerbi will 
have been a member for eight years when she leaves in May. We will miss them.  

Jeannie Cox has joined the team, as the new Administrative Assistant for the Center for Auditory Prosthesis Research. 
She graduated with Honors from the University of Central Florida in 1994, with a BS in management information 
systems and a minor in computer science. She is an expert in the design and use of database systems, among many 
other skills. She will support the present project primarily through subject scheduling and through design, maintenance 
and use of databases containing the conditions and results of psychophysical, speech reception, and evoked potential 
studies conducted in this and prior projects. Access to information should be greatly facilitated with the databases. We 
are very pleased to have Ms. Cox as a member of our team.  
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Appendix 1. Summary of reporting activity for this quarter  

Reporting activity for this quarter, covering the period of January 1 through March 31, 1999, included the following:  

Presentation  

Rubinstein JT, Miller CA, Abbas PJ, Wilson BS: Emulating physiologic firing patterns of auditory neurons with 
electrical stimulation. Presented at the 1999 Midwinter Meeting of the Association for Research in 
Otolaryngology, St. Petersburg Beach, FL, February 13-17, 1999. (Abstract 31)  

Chaired session  

Finley CC: Chair of the session on Otology and Cochlear Implants. 1999 Midwinter Meeting of the Association 
for Research in Otolaryngology, St. Petersburg Beach, FL, February 13-17, 1999.  
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